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CHUHTE3 HUKJIOINEHTEHO®YJIVIEPEHOB HA OCHOBE OH/IUKOBOI'O AHTUJIPHUIA
© A.®. MyxamerbsnoBa, U.M. CaxayTauHoB

AKTyanbHBIM U MEPCIEKTUBHBIM 00BEKTOM JJISl CO3JaHUS HOBOTO IMOKOJICHHUS MaTepUATIOB U JICKAPCTBEH-
HBIX CPEICTB B MOCJIEIHEE BPEeMsl SBISIOTCS MPOM3BOIHBIE QyiuiepeHoB. HTepec K CHHTE3y HOBBIX KOHBIOTA-
ToB (QymiepeHna Cgy BBI3BAaH TEM, YTO OHH SBISIOTCS CaMBIMH MOIIHBIMH CPEIU AHTHOKCHIAHTOB WU
MPEIATCTBYION OBICTPOMY CTapEHHUIO U Pa3BUTHIO 3a00JICBAHUI, B TOM YHCIIE CEPACYHOCOCYTUCTBIX H OHKOIIO-
THYECKUX. DKCIIEPHUMEHTHI Ha )KMBOTHBIX MOKA3BIBAIOT, YTO COSAMHEHUS (yiUIiepeHa MOBBIIAIOT X YCTOWIH-
BOCTH K OKCHIATUBHBIM CTPECCaM W IPENSITCTBYIOT NMPOTEKAHUIO HEWPOIEeTepaTUBHBIX IpolieccoB. MHTepec K
XUMHH COCAMHEHUH, BKIIOYAIONINX HOPOOPHEHOBBIA (OUIMKIIO[2.2.]1]renT-2-eHOBbIi) (parMeHT 00YCIIOBICH
pa3sHOOOpa3HBIM OHOJOTHYECKUM ACHCTBHEM IMPOM3BOAHBIX NPOMBIIUIEHHO IOCTYITHOTO AaHTHUApPWUAA OWIUK-
n0[2.2.1]renT-5-eH-3H710-2,3-11KapOOHOBOH (IHIUKOBOI) KUCJIOTHI. B 4acTHOCTH, MHOTOYHCIICHHBIC UMHUIBI Ha
OCHOBE aHTHIpUIA 007aNal0T MICUXOTPOMHBIM, aHTHACTIPECCAHTHRIM JICHCTBUEM, UCIIOIB3YIOTCS KaK MPOTUBO-
ApUTMHUYECKHE, )KaPOIOHIDKAIOIINE, CeIaTUBHBIC M MMPOTHBOBOCIIAINTEIbHBIE cpeIcTBa. I MOTy4IeHUsT HOBBIX
aJJICHOATOB C HOPOOPHEHOBBIM (PParMEHTOM HAMH CHHTE3UPOBAHBI WUMHUABI HHIUKOBOTO AHTHIPHIA ITyTEM
OPSIMOTO CIUIABJICHUS] C TaKMMH AaMHHOKHCIIOTaMH, KaK aMHHOBAJIEPbSHOBAas M KampoHoBas. JlanbHeiine
TpaHchOopMaIMK MOTYYSHHBIX KHUCIOT MPUBOIAT K 00pa30BaHUIO KETCHOB, OJC(PHUHUPOBAHUE KOTOPHIX PEAKIIH-
el ¢ metrn 2-(TpudermndhochopaHUIHICH )alleTaTOM B IPUCYTCTBUHM TPUATHIAMUHA TI0 BUTTUTY JaeT HOBbIE
AJJICHOATHI C HOPOOPHEHOBBIM (hParMEHTOM.

W3BecTHO, YTO alIEHOATHI, AKTUBUPOBAHHBIC HYKJICO(PMIbHONW aTakod (ochHHA MO UEHTPAIHHOMY
SP-THOPUAN30BAaHHOMY aTOMY, YCHEUTHO IIPUMEHSIOTCS KaK TPEXaTOMHBIE CTPOUTEIBHBIE OJIOKH B PEAKIIHSIX ITHK-
JIOTIPUCOEAVHEHNUS K IEKTPOHOAC(UIIMTHHIM ATKEHAM ¢ 00pa30BaHUECM HEHACHIIIEHHBIX IMATUWICHHBIX IHKIIOB.
OMHOpPEaKTOpHOE TMONyYCHUE aJUICHOATOB M XOpOIIHME BBIXOABI KOHBIOTaToB (Qymwiepena Cgy Gochun-
KaTaTHM3UPyeMOr peakield [3+2] —IMKIONpUCOSANHEHUS K (YUIEPEHOBOW cepe — NeNaloT JaHHBIA TOIXO0
KOHKYPEHTHOCTIOCOOHBIM IS TIOTYYSHHST MOHO3aMEIIICHHBIX ITPOM3BOIHEIX (yIUIepeHa.

B pesynbsrate dochun-karanusupyemoro [3+2] mpucoeIUHEHHS aNIEHOATOB K (YJIEPEHOBOMY KapKacy
KaK TUIOISIPOQILTY, CHHTE3UPOBAHBI C XOPOIINM BBIXOZOM HOBBIE MOHOAINYKTH (yimiepeHa Cg. BemecTBa BEI-
JeNsUTd B MHAWBHIYATFHOM BHIE KOJIOHOUHOU XpomMaTorpadueii. [lomyueHHbpie coeqrHEHIS 00IaIaloT XOpomnen
PaCTBOPUMOCTHIO B OPraHUYECKUX PACTBOPHUTEIAX, YTO PACIIUPSACT BO3MONKHOCTH MOCICAYIONUX TpaHCOopMa-
HI/Iﬁ " paCcCMOTPECHUA UX B Ka4Y€CTBE NNEPCIICKTUBHBIX MOHOMEPOB.

KiroueBsie cioBa: SHIUKOBEIA aHTHAPUA, HOPOOPHEH, aMUHOKHUCIIOTHI, yIUIepEeH, KOHBIOTATH (yIUIepeHa,
UKIIONIEHTEHOPYIIEPEHBL.

Beenenne. M3sectHo, uto ¢dymiepen Cgp U
MHOTHE €ro MpOM3BOAHBIE 00JIaAal0T HEOOBIYHO
BBICOKOH CIIOCOOHOCTBIO YJIABJIMBATh CBOOOJHBIC
paauKanbl. DKCIIEPUMEHTHI Ha KUBOTHBIX MOKAa3bl-
BAIOT MOBBIIICHNE UX YCTOHYMBOCTH K OKCHIATHB-
HBIM CTpeccaM U NPEMSTCTBYIOT MPOTEKAHUIO HE-
pOJICTEpaTHBHBIX MPOIECCOB, YTO MOXKET CHHU3HUTh
PHICK BOBHUKHOBEHUs OoJie3nu [lapkuHCcoHa U CHH-
npom Ansirreiimepa [1, 2]. Llens HacTosmmen pado-
TBI — CHHTE3 HOBBIX KOHBIOTaTOB (hyJuiepeHa myTeM

dbochun-karamusupyemoro  [3+2]-umkinonpucoe-
JIMHEHUSI AJUNICHOATOB U3 SHANKOBOTO aHTHIPHU/IA.

Pe3yabTaThl W UX odcy:xaenue. s mony-
YEeHUs] HOBBIX aJUICHOATOB C HOPOOPHEHOBBIM
(bparMeHTOM M3 paHee CHHTE3WPOBAaHBIX HMHJIOB
la,b sHIUKOBOrO aHTHAPHIA TPOBEIU PEAKIHIO
oneuHUpoBaHus ¢ MeTun 2-(Tpudenmidocdopa-
HWIHJICH)aleTaTOM B IPUCYTCTBUH TPUAITUIIAMHUHA
o Burrury (puc. 1).
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Puc. 2. Cunre3 HOBBIX MOHOAAMYKTOB (pyurepera Cgg 33,0

Crpoenue coenuHenus 2a, b mokazaHo
CIEKTPaNbHBIMU METOJAMU aHaju3a. B cmekTpe
SMP 'H xapakTepHble CHIHANbI JBYX MPOTOHOB
aJyIeHOBOI'0 (hparMeHTa HaOJI0IaITCS B o0ac-
™ 0T 6 5.56 10 6 5.92 m.a. B cnektpe AMP B
XapaKTepHbIC CUTHAIBI TCPMHHAIBHBIX AJJIEHO-
BBIX yrieposoB — B obiactu ot & 88.17 no
96.06 m.n. Takxe 0OHApPYKMUBAECTCS CUTHAJ IICH-
TPAJIbHOTO ANJCHOBOTO YIJIEPOJHOTO aToMa
Bcex amieHoatoB B obOinactu ot & 208.69 no
0 212.54 m.x. [3-6].

W3BecTHO, YTO alIeHOAThI, AKTHBHUPOBAH-
HblEe HYKIeOpUIbHOU aTakod QocduHa MO IEeH-
TPaNbHOMY SP-THOPHIM30BAHHOMY aTOMYy, YC-
MENIHO MPUMEHSIOTCS KaK TPEXaTOMHBIE CTPOU-
TeNnbHbIE OJOKHU [7] B peakIusAX MUKJIOTPUCOEH-
HEHHsI K 3JICKTPOHOAC(HHUIIMTHBIM ajJKeHaM ¢ 00-
pa3oBaHUEM HEHACHIIIEHHBIX MATHWICHHBIX ITHUK-
noB [8-10].

B pesymprate  (docduH-KaTATH3HPYEMOTO
[3+2] — npucoenuuenus ammeHoaToB 2a,b k ¢yi-
JIEPEHOBOMY KapKacy, KaK JUIOIAPOPUITY, CHHTE-
3MPOBAHBI C XOPOIIMM BBIXOJIOM HOBEIE, XOPOIIIO
PacCTBOPUMBIE B OPTaHUYECKUX PACTBOPUTEIISAX MO-
noanykTel pymaepera Cqy 3a,b. BemecTsa Boize-
JISUTM B WHAWBHUIYAJLHOM BHJIE KOJIOHOYHOH XPO-
Martorpadueli Ha cuiukarese (puc. 2).

23

JkcnepuMeHTalIbHAA 4acTh. UK criekTpol
3anmceiBaid Ha mpudope IR-Prestige-21 (Fourier
Transform Spectrophotometer — Shimadzu) B Baze-
nuHoBoM Macne. CnekTtpel SIMP monyueHsl Ha
cnektpomeTpe Bruker-AM 500 c¢ pabodeit gacrto-
toit 500.13 MI'u (*H), 125.76 MI'n (**C), BuyT-
pennwuii crannapt — tetpameruicwiad (TMC). 3a
XOJIOM peaklWHu CIEeIWIN C UCTOIb30BAaHUEM TOH-
KOCJIOIHOH XpomaTtorpaduu Ha macTuHkax Sorbfil
I[ITCX-A®d-A, BemecTBa 00HAPYXHBAJIU C MOMO-
mpo Y®-o0iyueHns, napoB Hoja, ONpbICKUBAHUS
IUTACTUHOK PacTBOPOM HHUHTHIPUHOBOTO MPOSBH-
TeJ WM PacTBOPOM aHUCOBOTO ajibjIerHja C Io-
caemyromuM HarpeBanueMm mpu 100-120°C. Macc-
CHEKTpPHl TOJIyYeHbl Ha XPOMAaTOMAaCC-CHEKTPO-
metpe LCMS-2010EV ¢upmer Shimadzu B pexu-
Me€ XHMHUYECKOW HOHHM3alMU TP aTMOCHEepHOM
nasiernn (XUAJL). IIpoayKTel peakiiuil BBIAESISIN
C TOMOIIBI0 KOJIOHOYHOW Xpomarorpaduu Ha cu-
mukaresie  «Chemapol» ¢ pasmepoM 4acTHIl
40/100 MkM. DieMEHTHBIH aHaIM3 BBIOJIHEH C
nomomisto aBromaruueckoro CHNS-ananmusaropa
EURO EA —3000.

OO0mas MeTOaAMKAa MOJyYeHUS] AJJIEHOATOB
MEKMOJICKYJIApHON peaknueil Burrura. K cyc-
NeH3UuH | T' aMHHOBAJEPBhSIHOBOW WM aMHUHOKa-
MMPOHOBOHM KHUCIOTHI B 10 MJI CyXOro XJIOpHCTOTO



XUMUA

MeTHJIEHa JO0aBISTN MSATHKPATHBIA H30BITOK OK-
CANMIXJIOPUIa U OCTaBWJIM HA HOYb. PacTBOpUTEND
1 M30BITOK OKCATMIIXJIOpU/A yIIapUBAIIA HA POTOP-
HOM HCHapuTene. XJIOpaHTHAPHU/ Jajiee UCTIOIb30-
BaT 0€3 MOTOMHUTENBHONH OouMcTKH. K pacTBopy
metun  (TpudenundochopaHunmieH)anerata B
CH,Cl, npukansiBagd 5SKBUMOJIEHOE KOJIMYECTBO
Et;N, pactBop oxmaxgamm mo —5 C. K atomy pac-
TBOPY MEIJICHHO MO KaruiaM J00aBISUTA OXJIaXK-
JICHHBIHA pacTBOp Xjopanruapuaa N-3aMenieHHON
aMUHOKHCIIOTHL. PeaknnoHHyI0 Maccy mepeMentn-
BaJM B TeueHue 2 4. PacTBOpuTENs OTTOHSIIH, TIPO-
JYKTBl PEaKIMU BBIICISUIM KOJIOHOYHON XpoMaro-
rpadueli Ha cuiukarene (IIIOSHT: METPOJICHHBIN
s¢hup:sTHIaneTar, 4:1).

Metna-7-(1,3-nuokco-1,3,3a,4,7,7a-rekca-
ruapo-2H-4,7-MeTaHOH30MHI0JI-2-1J1)renTa-2,3-
auenoat (2a). Beixom, 1.03 r (90%), mpospautoe
macno. MK-crietp, v, em™: 728, 1162, 1263, 1398,
1439, 1688, 1763, 1975. Crextp SIMP *H (CDCls),
8, m.o.: 1.51-1.61 M (4H, 2C%"H,), 1.62 n (1H?,
C®H,, J 8.7 Tu), 1.71 x (1H®, C®H,, J 7.3 Tw),
2.08 M (2H, C°H,), 3.23 ¢ (2H, C*™H), 3.36 ¢ (2H,
2C*"H), 3.71 ¢ (3H, C'Hs), 5.58 m (2H, C**H),
6.03 ¢ (2H, 2C*°H ); Crextp AMP “C, §, m.a.:
24.87, 25.82, 26.79, 44.90, 45.71, 52.02, 52.24,
88.57,94.32, 134,42, 164.44, 177.68, 212.23.

Mernia-8-(1,3-amokco-1,3,3a,4,7,7a-rekca-
ruapo-2H-4,7-meTaHOU30UHA0-2-WIT)OKTA-2,3-
auenoar (2b). Beixon , 0.5 r (70%), mpo3padHoe
macio. UK-cmektp, v, eml: 724, 1162, 1263, 1398,
1437, 1698, 1763, 1959. Cnextp SIMP 'H (CDCls),
8, mr.: 1.31-1.43 M (6H, 3C%"¥H,), 1.48 1 (1H?,
C®H,, J 8.6 I'y), 1.68 n (1H®, C®H,, J 8.6 I'm), 2.08
M (2H, C°H,), 3.19 ¢ (2H, C®™H), 3.34 ¢ (2H,
2C*"H), 3.68 ¢ (3H, C*Hs), 5.52 M (2H, 2C**H),
6.03 ¢ (2H, 2C*°H); Cnextp SIMP °C, §, m.x.:
25.75, 26.85, 26.97, 37.92, 44.85, 45.67, 51.98,
52.20, 88.17, 94.86, 134,40, 166.51, 177.52,
212.28.

MeTonuka nojy4eHus: HUKJIOMEHTEHO(Y I-
JaepenoB Cg 3 a,b

Oymiepen Cgo 0.14 Mmmons (100 mr) mpeasa-
putenbHO (32 12 yacoB) pacTBOpsud B 35 MuI TO-
ayona. Amnenoatsl 23,0 0.14 mMMoub, pacTBOpeH-
HBIE TIPU KOMHATHOW TeMITepaType B 5 MJI TONyoJa,
nobasmsuin Kk Qysuiepeny Cgo. 3aTeM BBOIWIM IK-
BUMOJIbHOE KonmyecTBO PPh; m kumsatunmm ¢ 00-
PaTHBIM XOJIOJWUIBHUKOM Ha MArHUTHOW MEIIaJIKe
(300 o6/munH) B Teuenue 12 yacoB. CoeauHEHHS
3a,b BBIACTSITM B MHAMBUIYATHHOM BHJE C TIOMO-
mpio mem  xpomarorpaduu  (NOEHT: TOMYOI,
neTposIeHbIil adup/sTrnanerar 4/1).
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1’-Metunkapooumni-3'-(3'-(1,3-auokco-3a,
4,7,7a-rerparuapo-1H-4,7-meranonzounmoa-2(3H)
-mn)H-nponui)-1'-uukiaonenteno[4’,5:1f,2f][60]
¢ymnepen (3a). Beixon 0.1 r (70%). Criektp SIMP
'H (CDCly), 8, m.a.: 1.51 m (2H, C*'H,), 1.57 1
(1H?, C®H,, J 7.4 T), 1.72 1 (1H®, C®H,, J 9.0 T'w),
2.02 M (1H, C*H?), 2.48 m (1H, C¥'HP), 3.36 ¢ (2H,
2C*™H), 3.37 M (2H, C'H,), 3.54 ¢ (2H, 2C*"H),
3.71 ¢ (3H, CH,), 4.62 m (1H, C'H), 6.07 ¢ (2H,
2C>®H), 7.65 M (1H, C*H). Cnektp SIMP “C, §,
M.L: 24.89, 26.81, 32.63 , 45.64, 45.77, 52.27,
52.68, 57.06, 76.22, 77.24, 128.46, 128.56, 131.20,
132.07, 132.15, 133.93, 134.41, 134.53, 134.62,
134.79, 134.95, 135.95, 135.56, 135.95, 136.14,
139.28, 139.40, 139.83, 140.15, 141.57, 141.65,
141.91, 142.02, 142.16, 142.24, 142.43, 142.63,
142.68, 142.73, 143.07, 143.10, 144.37, 145.25,
145.88, 146.07, 147.22, 147.29, 147.99, 148.11,
150.49, 150.86, 156.72, 163.98, 177.57.

1’-MeTuakapoouuia-3'-(4'-(1,3-nuoxco-3a,
4,7, 7a-terparuapo-1H-4,7-meranonzonHgo-2
(3H)-mm)n-6yTrn)-1'unkaonenteno[4’,5": 11, 2f]
[60]dyanepen (3b). Brixox 0.136r (80%). Criektp
SMP *H (CDCly), 8, M.z, JTu: 1.22 ¢ (2H, C'Hy),
1.50 m (2H, C*Hy), 1.66 1 (1H?, C°H,, J 7.4 I'n),
1.71 o (1H®, C®H,, J 9.0 T'w), 2.12 M (1H, C¥H?),
2.58 M (IH, C*H"), 3.27 ¢ (2H, 2C*'H), 3.39 ™
(2H, C*H,), 3.56 ¢ (2H, 2C*"™®H), 3.70 ¢ (3H,
CHs), 524 M (1H, C'H), 6.02 c (2H, 2C*°H),
7.62m (1H, C*H). Cmextp SMP C, §, m.n.:
19.87, 20.02, 29.26, 32.47, 44.88, 45.70, 52.27,
53.50, 69.47, 76.22, 77.24, 94.54, 120.71, 128.54,
128.64, 131.71, 132.07, 132.44, 133.47, 134.09,
134.42, 134.53, 134.62, 134.79, 134.95, 135.95,
135.56, 135.95, 136.14, 139.28, 139.40, 139.83,
140.15, 141.57, 141.65, 141.91, 142.02, 142.16,
142.24, 142.43, 142.63, 142.68, 142.73, 143.07,
143.10, 144.37, 145.25, 145.88, 146.07, 147.22,
147.29, 147.99, 148.11,150.49, 150.86, 156.72,
166.30, 177.68.

3axioyenue. Takum obOpasom, mytem doc-
(uH-KaTaTM3UPyeMO  (QYHKIIMOHATU3AIMN  /pa
Cep ameHoaTaMu, Mbl MOKa3ajJd BO3MOXKHOCTh
CHHTE3a HOBBIX KOHBIOratoB ¢ysiepeHa Cg €
HOpOOpHEHOBBIM (pparmMenToM. CoeIMHEHUS OTIIN-
YarTCs XOPOIIEH pPacTBOPUMOCTHIO B OpraHHYe-
CKUX DPAaCTBOPUTEIISX, YTO PACIIUPSET MEPCHEKTH-
BBl MOCJIEAYIOIMUX TpaHCcHOpMalluii U paccMoTpe-
HUS MX B Ka4eCTBE MHOTO00EIIAIONINX MOHOMEPOB

Paboma evinonnena ¢ coomeemcmeuu ¢ nia-
HOM HayuHo-uccireoosamenvckux pabom DPIBYH
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Ypumckoco uncmumyma xumuu YOUI] PAH no
meme «Co3z0anue mamepuaniog ¢ 3A0AHHbLIMU
DYHKYUOHATLHBIMU  CBOUCMBAMU  DTIEKMPONPOBO-
OUMOCMb, AHMUKOPPOIUOHHOCTY U OUONO2UYECKAs
axmugHocmoy (Ne coc. pecucmpayuu AAAA-AI9-
119020890014-7). Cnexmpanvhas uacms ucciedo-
eanus npogedena Ha obopyoosanuu LIKII «Xumusy
YoUX YOUL] PAH.
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SYNTHESIS OF CYCLOPENTENOFULLERENES WITH NORBORNENE FRAGMENT
© A.F. Mukhametyanova, I.M. Sakhautdinov
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of the Russian Academy of Sciences,
69, prospect Oktyabrya, 450054, Ufa, Russian Federation

Actual and promising object for creating a new generation of materials and medicines in recent years are
fullerene derivatives. The interest in the synthesis of new fullerene Cg, conjugates is due to the fact that they are
the most powerful among antioxidants and that prevent the rapid aging and development of diseases, including
cardiovascular and oncological ones. Animal experiments show that fullerene compounds increase their resistance
to oxidative stress and inhibit neurodegenerative processes. Interest in the chemistry of compounds including the
norbornene (bicyclo [2.2.1] hept-2-ene fragment) is due to the diverse biological effect of derivatives of the com-
mercially available bicyclo [2.2.1] hept-5-en-endo-2,3-dicarboxylic (endic) anhydride ) acid. In particular, numer-
ous anhydride-based imides have a psychotropic, antidepressant effect and are used as antiarrhythmic, antipyretic,
sedative and anti-inflammatory drugs. To obtain new allenoates with a norbornene fragment, we synthesized im-
ides of endic anhydride by direct fusion with amino acids such as aminovalerianic and caproic. Further transfor-
mations of the obtained acids lead to the formation of ketenes, the olefination of which by reaction with methyl 2-
(triphenylphosphoranilidene) acetate in the presence of Wittig triethylamine gives new allenoates with a
norbornene fragment.

It is known that allenoates activated by a nucleophilic attack of phosphine at a central sp-hybridized atom are
successfully used as triatomic building blocks in cycloaddition reactions to electron-deficient alkenes with the
formation of unsaturated five-membered rings. The single-reactor production of allenoates and good yields of Cg
fullerene conjugates by the phosphine-catalyzed reaction [3 + 2] — cycloaddition to the fullerene sphere make this
approach competitive for the preparation of monosubstituted fullerene derivatives.

As a result of the phosphine-catalyzed [3+2] — addition of allenoates to the fullerene backbone, as a
dipolarophile, new monoducts of fullerene Cgo Were synthesized in good yield. Substances were isolated individu-
ally by column chromatography. The resulting compounds have good solubility in organic solvents, which ex-
pands the prospects for subsequent transformations and considering them as promising monomers.

Key words: endic anhydride, norbornene, fullerene, fullerene conjugates, cyclopentenofullerenes.
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